Background {#Sec1}
==========

Immunosenescence is an integral part of human aging that results in a decrease in the number of naive T and B lymphocytes, the accumulation of memory and effector T and B cells, the production of defective antibodies, an increase in the production of autoantibodies, and in chronic low-grade inflammation (inflammaging) \[[@CR1], [@CR2]\]. Among the probable triggers of inflammaging are chronic viral infections, an aging-related increase in adiposity, dietary habits and aging-related changes in the composition of the gut microbiota \[[@CR3]--[@CR5]\]. Among its most important features are slight elevations of the concentrations of proinflammatory cytokines, chemokines, and adipokines, such as interleukin-1ß (IL-1ß), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and monocyte chemoattractant protein-1 (chemokine (C-C motif) ligand 2, CCL2) \[[@CR6]--[@CR8]\]. Proinflammatory cytokines stimulate the synthesis of C-reactive protein (CRP) in the liver, the level of which has been shown to increase in elderly individuals \[[@CR9]\]. While clinical signs and symptoms of inflammaging are minimal or absent, this condition contributes to various molecular pathologies, leading to vascular damage and insulin resistance \[[@CR10]--[@CR12]\] and, therefore, increases the risk of developing type 2 diabetes, cardiovascular disease, stroke, cancer, sarcopenia, neurodegeneration, and frailty \[[@CR13]--[@CR22]\]. Furthermore, low-grade inflammation predicts mortality in elderly individuals who are affected by various pathologies \[[@CR15], [@CR17], [@CR23]--[@CR25]\].

IL-6 and CRP are among the most commonly used indicators of inflammation. However, while some published data suggest their causal or predictive roles in morbidity or mortality in the elderly, other studies do not support such views \[[@CR26]--[@CR29]\]. Moreover, the literature on the effects of inflammaging on mortality in successfully aging individuals is not extensive. Therefore, the main objective of the present work was to investigate whether the results of a single measurement of IL-6 and CRP levels were associated with mortality in elderly participants of the PolSenior study who were followed for an average of 4.3 years, with a particular emphasis on individuals who had never been diagnosed with aging-related diseases and remained in good physical and cognitive health. Another aim of this study was to determine possible associations between the concentrations of these factors and cognitive and physical functioning, which were assessed at the same time. Finally, we evaluated whether low-dose acetylsalicylic acid, which is frequently prescribed to seniors for the prevention of cardiovascular disease, affects IL-6 and CRP concentrations.

Methods {#Sec2}
=======

Material {#Sec3}
--------

The study group consisted of ≥65 year old seniors (*n* = 4979 individuals) who participated in the PolSenior study. The participants were randomly recruited in bundles in a stratified, proportional draw. The response rate was 42.6 %. The recruitment details are described elsewhere \[[@CR30]\]. The respondents belonged to similarly-sized age groups (65--69, 70--74, 75--79, 80--84, 85--89 and ≥90 years old), each containing a similar number of males and females. A detailed questionnaire was used to obtain medical histories, current health status, socioeconomic status, demographic status, and lifestyle habits for all of the study participants. The participants also underwent a detailed examination, including elements of comprehensive geriatric assessment \[[@CR30]\]. Individuals who had never been diagnosed with cardiovascular disease, myocardial infarction, stroke, type 2 diabetes, or cancer, and had a Mini Mental State Examination (MMSE) score ≥24 and Katz Activities of Daily Living (ADL) score ≥5 were classified as successfully aging. Of the entire group, blood samples were provided by 4101 individuals. Blood collection, surveys, and physical examinations were performed either on the same day or within a few days of each other. The survival of the study subjects was taken from the Population Register. This database was accessed in 2015, indicating that 1734 PolSenior participants (1318 of those who donated blood) had died. The total number of person-years of observation was 14,535.

The PolSenior project was approved by the Bioethics Commission of the Medical University of Silesia in Katowice. Each participant gave written, informed consent to participate in the study.

Blood analysis {#Sec4}
--------------

Venous blood was collected using a vacuum system and delivered in a cooler to local laboratories within 2 h, where serum and plasma samples were separated and frozen. All samples were then delivered to the Department of Human Epigenetics, Mossakowski Medical Research Centre in Warsaw. All of the IL-6 and CRP measurements were performed in the same laboratory. Interleukin-6 levels were measured in serum using ELISA (R&D System, Minneapolis, MN, USA, sensitivity 0.04 pg/mL) in 3895 individuals and CRP (high sensitivity CRP) levels were measured using a high-sensitivity immunoturbidymetric method (Modular PPE, Roche Diagnostics GmBH, Mannheim, Germany, sensitivity 0.11 mg/L) in 4093 individuals. In the other PolSenior participants, these measurements were not performed mostly because of refusal to provide blood or because an insufficient amount of serum was collected. Other biochemical parameters were assessed using routine techniques \[[@CR30]\]. Study subjects with leukocyte counts \>10,000/μL (indicating a considerable risk of ongoing infection) and/or who were being treated with glucocorticoids were excluded from further analyses. Therefore, analyses of IL-6 were performed in 3496 subjects, and of CRP were performed in 3632 subjects. In some of the study subjects, only IL-6 or only CRP was measured. The results were presented as median \[1^st^ quartile, 3^rd^ quartile\] values.

Mini mental state examination and activities of daily living {#Sec5}
------------------------------------------------------------

Cognitive function was assessed using the MMSE \[[@CR31]\] which was translated into Polish. The study participants were divided into five groups: normal cognition (MMSE score 28--30), minimal cognitive impairment (MMSE score 24--27), mild (MMSE score 20--23), moderate (MMSE score 10--19), or severe (MMSE score \<10) cognitive impairment \[[@CR32]\].

Physical performance was assessed using the ADL scale \[[@CR33]\]. Based on the six domains of the ADL (transferring, feeding, bathing, dressing, personal hygiene and grooming, toileting), the study participants were divided into independent (ADL score 5--6), partially dependent (ADL score 3--4) and totally dependent (ADL score 0--2) \[[@CR34]\].

Statistical analysis {#Sec6}
--------------------

The statistical analyses were performed using Statistica 10 software (Statsoft Inc., Tulsa, OK, USA) and R software (R Foundation for Statistical Computing, Vienna, Austria) programs. Because of the skewed distribution of the IL-6 and CRP values, the variables were presented as median \[1^st^ quartile, 3^rd^ quartile\] values. Before the analyses, the IL-6 and CRP values were log-transformed. The significance of associations between the analyzed factors was tested using analysis of variance (ANOVA), and analysis of co-variance (ANCOVA) for multifactorial analyses. Pearson's r was used as a measure of correlations between IL-6 and CRP levels.

A Kaplan-Meier plots were used to present survival curves, which were compared using the log-rank test. The Cox proportional hazards model was used for univariate survival analyses. In the multivariate survival analyses, age and body mass index (BMI) did not meet the assumption of proportional hazards. Therefore, the Cox proportional hazards model with time-dependent covariates was used. The hazard ratio (HR) of death and the 95 % confidence interval (CI) were calculated for associations between the analyzed variables and survival time.

For all of the statistical analyses, the level of significance was established at 0.05.

Results {#Sec7}
=======

Aging-associated changes in serum IL-6 and CRP levels {#Sec8}
-----------------------------------------------------

The mean age of all the study participants who met the inclusion criteria (3750 individuals, 47.8 % women, 52.2 % men) was 78.9 ± 8.6 years. The mean age of the successfully aging subgroup (35.4 % of the study population; 47.4 % women, 52.6 % men) was 76.3 ± 7.9 years, while in the remaining study participants who did not meet our definition of successful aging (64.6 % of the study population; 48 % women, 52 % men) was 80.3 ± 8.6 years. The age difference between the successfully aging participants and the remaining study participants was significant (*p* \< 0.001).

Low-dose acetylsalicylic acid is commonly prescribed to seniors for the prevention of cardiovascular disease. We initially determined whether this medication affects IL-6 or CRP concentrations and whether individuals who received it should be included in the analysis or analyzed separately. The comparison between individuals who were not currently treated with low-dose acetylsalicylic acid *vs*. individuals who took this medication showed that the median concentrations of IL-6 were similar in both groups (2321 individuals, 2.3 pg/mL \[1.5, 3.8\] *vs*. 1175 individuals, 2.4 pg/mL \[1.6, 3.8\], respectively, *p* = 0.22), as were the median CRP values (2410 individuals, 2.3 mg/L \[1.1, 4.8\] *vs*. 1222 individuals, 2.3 mg/L \[1.1, 4.7\], respectively, *p* = 0.73). Therefore, all of the subsequent analyses were performed without considering whether the participants were treated with low-dose acetylsalicylic acid.

The median concentration of IL-6 in the entire study group (3496 individuals) was 2.3 pg/mL \[1.5, 3.8\]. In successfully aging study participants (1258 individuals) it was 2.0 pg/mL \[1.3, 3.3\], while in participants who suffered from aging-related diseases/disability (2238 individuals) it was 2.5 pg/mL \[1.6, 4.2\]. This difference was significant (*p* \< 0.001). We also found that the older the age group, the higher was the median concentration of IL-6 not only in the entire study group and in individuals with aging-related diseases/disability, but also in the subgroup of successfully aging individuals (all *p* \< 0.001, Table [1](#Tab1){ref-type="table"}).Table 1IL-6 and CRP concentrations in ≥65 year-old seniorsAge (years)All^a^Successfully aging^b^Others^c^*n*Concentration^d^*n*Concentration^d^*n*Concentration^d^IL-6 \[pg/mL\]65--695881.8 \[1.2, 2.9\]2961.8 \[1.1, 3.0\]2921.9 \[1.3, 2.9\]70--746811.9 \[1.3, 3.1\]3081.7 \[1.1, 2.8\]3732.2 \[1.4, 3.3\]75--795962.1 \[1.4, 3.4\]2311.9 \[1.3, 2.8\]3652.4 \[1.6, 3.6\]80--845572.5 \[1.7, 3.7\]1632.4 \[1.5, 3.5\]3942.5 \[1.7, 3.8\]85--895982.8 \[1.8, 4.9\]1732.7 \[1.8, 4.3\]4252.8 \[1.8, 5.1\]90+4763.5 \[2.1, 5.5\]873.3 \[2.3, 5.1\]3893.5 \[2.1, 5.6\]CRP \[mg/L\]65--696142.2 \[1.1, 4.6\]3112.0 \[1.0, 4.1\]3032.6 \[1.2, 5.5\]70--747062.1 \[1.1, 4.1\]3211.9 \[1.0, 3.9\]3852.2 \[1.1, 4.4\]75--796272.2 \[1.1, 4.4\]2451.9 \[1.0, 3.8\]3822.6 \[1.2, 4.8\]80--845722.4 \[1.1, 5.2\]1692.4 \[1.0, 5.3\]4032.3 \[1.1, 5.2\]85--896212.5 \[1.1, 5.1\]1772.8 \[1.2, 4.6\]4442.4 \[1.1, 5.2\]90+4922.7 \[1.1, 5.5\]892.6 \[1.3, 5.3\]4032.7 \[1.1, 5.7\]^a^: Excluded are individuals with leukocytosis exceeding 10,000/μL or treated with glucocorticoids^b^: Only individuals without past or current cancer, type 2 diabetes, cardiovascular disease/myocardial infarction/stroke, and with the MMSE score ≥24 and the ADL score 5--6^c^: Individuals who did not meet the definition of successful aging^d^: Concentrations of IL--6 and CRP are shown as median \[1^st^ quartile, 3^rd^ quartile\]*n* number of individuals

The median CRP concentration in the entire study group (3632 individuals) was 2.3 mg/L \[1.1, 4.7\]. The subgroups of successfully aging participants (1312 individuals) and those who did not meet the definition of successful aging (2320 individuals) had median concentrations 2.1 mg/L \[1.0, 4.3\] and 2.5 mg/L \[1.1, 5.1\], respectively. This difference that was significant (*p* \< 0.001). In the entire study group, we observed a significant increase in the median CRP concentration as age increased (*p* = 0.003). Notably, the median CRP concentration was higher in ≥80 year old study participants than in younger age groups. In the study participants with aging-related diseases/disability, the median CRP level was not associated with age (*p* = 0.25). In the successfully aging subgroup, the median CRP levels were also higher in the older age groups, but the level of significance has not been reached (*p* = 0.09) (Table [1](#Tab1){ref-type="table"}).

IL-6 and CRP levels were correlated with each other in the entire study group (r = 0.502, *p* \< 0.001), the successfully aging subgroup (*r* = 0.538, *p* \< 0.001), and study participants with aging-related diseases/disability (*r* = 0.504, *p* \< 0.001).

We also evaluated whether IL-6 and CRP concentrations differed in women and men and found that the median IL-6 concentrations were higher in men (1673 women, 2.2 pg/mL \[1.5, 3.6\] *vs*. 1823 men, 2.4 pg/mL \[1.6, 4.0\], *p* = 0.006), whereas the median CRP concentrations were not significantly different (1735 women, 2.4 mg/L \[1.2, 4.7\] *vs*. 1897 men, 2.2 mg/L \[1.0, 4.9\], *p* = 0.25).

Association between the IL-6 and CRP levels and other biochemical parameters and functional and cognitive performance {#Sec9}
---------------------------------------------------------------------------------------------------------------------

IL-6 concentrations were significantly associated with BMI (*p* \< 0.001 for the entire study group, *p* = 0.015 for the successfully aging subgroup, and *p* = 0.007 for study participants with aging-related diseases/disability). Notably, in individuals with a BMI \<18.5 kg/m^2^, the median IL-6 value was the highest, while in overweight individuals it was the lowest, and again increased in the obese. In addition, the median IL-6 value was associated with estimated glomerular filtration rate (eGFR) (*p* \< 0.001 for the entire study group, *p* \< 0.001 for the successfully aging subgroup, and *p* \< 0.001 for study participants with aging-related diseases/disability) and was the highest in individuals with the lowest eGFR, as well as with heart rate (*p* \< 0.001, *p* \< 0.001 and *p* \< 0.001) where it was the highest in individuals with a heart rate \>80/min. It was also associated with smoking status (*p* = 0.02 for the entire study group and *p* = 0.016 for participants with aging-related diseases/disability); it was the highest in current smokers. No association with smoking status was found in the successfully aging subgroup. Of note, the IL-6 concentration was negatively associated with total cholesterol levels (*p* \< 0.001 for the entire study group, *p* \< 0.001 for the successfully aging subgroup, and *p* \< 0.001 for study participants with aging-related diseases/disability), LDL cholesterol (*p* \< 0.001, *p* = 0.007 and *p* \< 0.001), and HDL cholesterol (*p* \< 0.001, *p* \< 0.001 and *p* \< 0.001) (Table [2](#Tab2){ref-type="table"}). The multifactorial analysis including age, gender, BMI, HDL, LDL, eGFR and smoking status, showed that only gender lost its significant association with IL-6 in the entire study group. In the successfully aging subgroup, gender and LDL lost their associations with IL-6, while in participants with aging-related diseases/disability the association was lost for gender and eGFR. The other factors remained significantly associated with IL-6.Table 2IL-6 and CRP concentration in ≥65 year-old seniors in relation to select clinical and biochemical parameters, and functional statusIL-6 \[pg/mL\]CRP \[mg/L\]All^a^Successfully aging^b^Others^c^All^a^Successfully aging^b^Others^c^nConcentration^d^nConcentration^d^nConcentration^d^nConcentration^d^nConcentration^d^nConcentration^d^BMI \[kg/m^2^\]\<18.5603.2 \[1.8, 5.4\]213.2 \[1.7, 4.8\]393.2 \[1.9, 5.7\]642.3 \[1.0, 7.4\]211.8 \[0.7, 7.5\]432.5 \[1.0, 7.2\]18.5-24.98142.3 \[1.4, 3.9\]3151.9 \[1.2, 3.2\]4992.5 \[1.6, 4.5\]8651.7 \[0.8, 3.8\]3361.5 \[0.8, 3.0\]5291.8 \[0.9, 4.3\]25--29.913812.2 \[1.4, 3.5\]5481.9 \[1.3, 3.2\]8332.3 \[1.5, 3.8\]14252.1 \[1.0, 4.2\]5692.0 \[1.0, 4.0\]8562.2 \[1.0, 4.3\]30--39.99972.3 \[1.6, 3.6\]3432.2 \[1.4, 3.6\]6542.4 \[1.7, 3.6\]10252.8 \[1.5, 5.2\]3542.9 \[1.6, 5.4\]6712.7 \[1.4, 5.1\]≥40692.8 \[2.1, 4.1\]172.5 \[1.9, 3.4\]522.9 \[2.1, 4.9\]694.2 \[2.2, 8.8\]174.3 \[2.5, 7.8\]524.1 \[2.1, 9.1\]Cholesterol \[mg/dL\]\<17510292.7 \[1.7, 4.8\]2562.4 \[1.5, 4.4\]7732.8 \[1.8, 5.1\]10852.3 \[1.0, 5.3\]2672.2 \[1.0, 5.0\]8182.4 \[1.0, 5.3\]175--1894522.3 \[1.6, 3.8\]1782.2 \[1.4, 3.7\]2742.4 \[1.7, 3.8\]4782.4 \[1.1, 5.1\]1841.9 \[1.0, 4.2\]2942.6 \[1.1, 5.7\]190--23913022.2 \[1.5, 3.5\]5122.0 \[1.3, 3.1\]7902.4 \[1.6, 3.8\]13752.2 \[1.1, 4.4\]5432.2 \[1.0, 4.1\]8322.3 \[1.1, 4.7\]240--3095932.0 \[1.4, 3.1\]2751.8 \[1.2, 2.7\]3182.2 \[1.5, 3.4\]6272.3 \[1.2, 4.5\]2912.1 \[1.2, 4.0\]3362.7 \[1.4, 5.2\]≥310652.2 \[1.4, 3.6\]272.4 \[1.4, 3.7\]382.2 \[1.5, 3.6\]673.3 \[1.5, 5.2\]272.1 \[1.0, 5.0\]403.6 \[1.7, 5.3\]HDL \[mg/dL\]\<407743.0 \[1.8, 4.9\]1992.7 \[1.6, 3.9\]5753.1 \[1.9, 5.3\]8222.9 \[1.4, 6.2\]2112.6 \[1.3, 5.4\]6113.0 \[1.5, 6.5\]40--445252.6 \[1.7, 4.4\]1682.4 \[1.6, 4.0\]3572.7 \[1.8, 4.5\]5492.4 \[1.2, 5.0\]1762.3 \[1.3, 4.7\]3732.4 \[1.2, 5.1\]45--495282.4 \[1.6, 4.0\]1902.1 \[1.3, 3.5\]3382.6 \[1.8, 4.2\]5492.5 \[1.1, 5.3\]2012.5 \[1.1, 4.8\]3482.4 \[1.2, 5.9\]50--598512.1 \[1.4, 3.4\]3621.9 \[1.3, 3.2\]4892.2 \[1.5, 3.4\]9002.2 \[1.1, 4.2\]3702.1 \[1.0, 3.9\]5302.3 \[1.1, 4.3\]≥607601.8 \[1.2, 3.0\]3281.7 \[1.1, 2.6\]4322.0 \[1.3, 3.3\]8101.8 \[0.8, 3.6\]3531.6 \[0.8, 3.1\]4571.9 \[0.9, 4.1\]LDL \[mg/dL\]\<703292.8 \[1.8, 5.1\]532.2 \[1.6, 3.6\]2762.9 \[1.9, 5.5\]3472.4 \[0.9, 4.9\]552.4 \[0.7, 5.0\]2922.4 \[1.0, 4.9\]71--998092.5 \[1.6, 4.2\]2342.2 \[1.5, 4.1\]5752.6 \[1.6, 4.2\]8602.3 \[1.0, 4.7\]2491.9 \[1.0, 4.3\]6112.4 \[1.0, 5.0\]100--1145062.3 \[1.6, 4.0\]2042.1 \[1.3, 3.6\]3022.5 \[1.7, 4.3\]5302.1 \[1.0, 4.8\]2142.1 \[1.0, 4.2\]3162.1 \[1.0, 5.1\]115--15411682.2 \[1.4, 3.5\]4631.9 \[1.3, 3.1\]7052.4 \[1.6, 3.7\]12342.2 \[1.1, 4.6\]4852.1 \[1.0, 4.0\]7492.5 \[1.2, 5.1\]155--1894682.1 \[1.5, 3.3\]2181.9 \[1.3, 2.9\]2502.2 \[1.6, 3.8\]4942.5 \[1.4, 4.6\]2302.3 \[1.2, 4.1\]2642.7 \[1.5, 5.5\]≥1901592.1 \[1.3, 3.2\]751.8 \[1.2, 3.0\]842.2 \[1.5, 3.4\]1662.7 \[1.2, 5.4\]782.3 \[1.2, 5.4\]883.0 \[1.3, 5.4\]Glucose \[mg/dL\]\<10021332.3 \[1.5, 3.8\]9242.0 \[1.3, 3.3\]12092.5 \[1.7, 4.4\]22612.2 \[1.0, 4.6\]9662.1 \[1.0, 4.1\]12952.4 \[1.1, 5.0\]100--139.910422.4 \[1.6, 3.7\]3242.1 \[1.4, 3.4\]7182.5 \[1.6, 3.8\]10892.3 \[1.1, 4.8\]3462.2 \[1.1, 4.8\]7432.4 \[1.1, 4.9\]≥1402562.5 \[1.7, 4.1\]nana2562.5 \[1.7, 4.1\]2723.0 \[1.4, 6.8\]nana2723.0 \[1.4, 6.8\]eGFR \[mL/min/ 1.73 m^2^\]\<453593.2 \[2.1, 5.3\]703.8 \[2.6, 6.7\]2893.0 \[2.0, 5.2\]3783.2 \[1.5, 6.3\]773.5 \[1.9, 6.3\]3013.0 \[1.5, 6.3\]45--606392.7 \[1.7, 4.1\]1872.4 \[1.5, 3.6\]4522.8 \[1.8, 4.5\]6682.5 \[1.1, 5.4\]1922.2 \[1.1, 4.4\]4762.7 \[1.2, 6.2\]\>6024212.1 \[1.4, 3.5\]9771.9 \[1.3, 3.1\]14442.3 \[1.6, 3.8\]25312.2 \[1.0, 4.4\]10192.0 \[1.0, 4.1\]15122.3 \[1.0, 4.7\]Heart rate \[per min\]\<603412.2 \[1.5, 3.6\]1261.8 \[1.2, 2.9\]2152.6 \[1.6, 4.0\]3541.6 \[0.9, 3.6\]1311.8 \[1.0, 3.6\]2231.5 \[0.9, 3.6\]60--8023742.2 \[1.5, 3.6\]8932.0 \[1.3, 3.2\]14812.3 \[1.6, 3.8\]24632.3 \[1.0, 4.5\]9292.1 \[1.0, 4.0\]15342.4 \[1.1, 4.9\]\>807682.7 \[1.7, 4.8\]2392.4 \[1.5, 4.0\]5292.8 \[1.8, 5.1\]8013.0 \[1.4, 6.2\]2522.7 \[1.3, 5.6\]5493.1 \[1.4, 6.3\]SmokingNever19682.3 \[1.5, 3.7\]6891.9 \[1.3, 3.1\]12792.4 \[1.6, 4.1\]20352.3 \[1.1, 4.5\]7102.1 \[1.0, 3.9\]13252.4 \[1.1, 4.9\]Past11962.4 \[1.5, 3.8\]4242.0 \[1.4, 3.3\]7722.5 \[1.6, 4.0\]12502.2 \[1.0, 4.8\]4502.1 \[1.0, 4.5\]8002.3 \[1.0, 5.0\]Current3042.7 \[1.7, 4.5\]1402.4 \[1.4, 3.7\]1643.0 \[1.8, 5.2\]3193.1 \[1.3, 6.2\]1472.4 \[1.1, 5.1\]1723.4 \[1.5, 7.7\]MMSE \[points\]28--3011211.9 \[1.3, 3.1\]6061.9 \[1.2, 3.0\]5152.0 \[1.4, 3.1\]11532.0 \[1.0, 4.1\]6291.9 \[1.0, 4.1\]5242.1 \[1.0, 4.1\]24--2712452.3 \[1.5, 3.7\]6372.2 \[1.4, 3.6\]6082.4 \[1.6, 4.0\]13022.3 \[1.1, 4.6\]6682.3 \[1.1, 4.4\]6342.5 \[1.1, 5.1\]20--235932.6 \[1.7, 4.3\]nana5932.6 \[1.7, 4.3\]6172.4 \[1.2, 5.2\]nana6172.4 \[1.2, 5.2\]10--193243.0 \[2.0, 5.5\]nana3243.0 \[2.0, 5.5\]3482.5 \[1.0, 5.4\]nana3482.5 \[1.0, 5.4\]\<101113.3 \[2.1, 6.0\]nana1113.3 \[2.1, 6.0\]1143.7 \[1.5, 8.3\]nana1143.7 \[1.5, 8.3\]ADL \[points\]5--631122.2 \[1.5, 3.6\]12582.0 \[1.3, 3.3\]18542.3 \[1.6, 3.7\]32202.2 \[1.0, 4.4\]13122.1 \[1.0, 4.3\]19082.2 \[1.0, 4.5\]3--42053.2 \[2.2, 6.2\]nana2053.2 \[2.2, 6.2\]2203.4 \[1.7, 9.3\]nana2203.4 \[1.7, 9.3\]0--21654.2 \[2.6, 7.4\]nana1654.2 \[2.6, 7.4\]1783.9 \[1.9, 9.4\]nana1783.9 \[1.9, 9.4\]^a^: Excluded are individuals with leukocytosis exceeding 10,000/mm^3^ or treated with glucocorticoids^b^: Only individuals without past or current cancer, type 2 diabetes, cardiovascular disease/myocardial infarction/stroke, and with the MMSE score ≥24 and the ADL score 5--6^c^: Individuals who did not meet the definition of successful aging^d^: Concentrations of IL--6 and CRP are shown as median \[1^st^ quartile, 3^rd^ quartile\]*n* Number of individuals*na* Not applicable

We also evaluated whether IL-6 concentrations were related to functional and cognitive performance. We found that higher IL-6 levels were associated with poorer physical performance (lower ADL score) and poorer cognitive performance (lower MMSE score) (all *p* \< 0.001 for the entire study group as well as for both subgroups) (Table [2](#Tab2){ref-type="table"}). He multifactorial analyses that were adjusted for age, gender, BMI, HDL, LDL, eGFR and smoking status revealed that ADL and MMSE scores in the entire studied group remained associated with IL-6 (*p* = 0.006 and *p* = 0.007, respectively). Such an analysis was not performed separately in the successfully aging subgroup because only individuals with the highest ADL and MMSE scores, reflecting good physical and cognitive performance, were included in this subgroup.

The CRP concentration was significantly associated with BMI (*p* \< 0.001 for the entire study group, *p* \< 0.001 for the successfully aging subgroup, and *p* \< 0.001 for study participants with aging-related diseases/disability). The CRP concentration was the lowest in the group of normal-weight individuals and then systematically increased as BMI increased. Notably, it was also higher in individuals with a BMI \<18.5 kg/m^2^ compared with normal-weight study subjects. Additionally, the CRP concentration was associated with fasting glucose in the entire study group (*p* = 0.003) and individuals with aging-related diseases/disability (*p* = 0.006) and was the highest in individuals with a glucose level ≥140 mg/dL. Notably, in the successfully aging subgroup no association was found. The CRP concentration was also associated with eGFR (*p* \< 0.001 for the entire study group, *p* \< 0.001 for the successfully aging subgroup, and *p* \< 0.001 for participants with aging-related diseases/disability) and was the highest in individuals with the lowest eGFR, as well as with heart rate (*p* \< 0.001, *p* \< 0.001 and *p* \< 0.001) where it was the highest in individuals with a heart rate \>80/min. Furthermore, the CRP concentration was also associated with smoking status in the entire study group (*p* = 0.005) and in individuals with aging-related diseases/disability (*p* = 0.002) where it was the highest in current smokers; however, no association with smoking status was found in the successfully aging subgroup. Finally, The CRP concentration was negatively associated with the level of HDL cholesterol (*p* \< 0.001, *p* \< 0.001 and *p* \< 0.001) (Table [2](#Tab2){ref-type="table"}). The multifactorial analysis including age, gender, BMI, HDL, eGFR and smoking status revealed that all of the factors remained significantly associated with CRP in the entire study group and successfully aging subgroup, whereas age lost its significant association in the subgroup of participants with aging-related diseases/disability.

We also found that higher CRP levels were associated with poorer physical performance (lower ADL score) and poorer cognitive performance (lower MMSE score) (all *p* \< 0.001 for the entire study group as well as for both subgroups, Table [2](#Tab2){ref-type="table"}). The multifactorial analyses that were adjusted for age, gender, BMI, HDL, eGFR and smoking status revealed that in the entire studied group the ADL and MMSE scores remained related to CRP at statistically significant level (*p* = 0.019 and *p* \< 0.001 respectively). We did not perform such an analysis in the successfully aging subgroup because only individuals with the highest ADL and MMSE scores were included in this subgroup.

Association between IL-6 and CRP levels and survival {#Sec10}
----------------------------------------------------

The 1-year mortality rate was 6.6 %, 2.6 %, and 8.8 % for the entire study group, the successfully aging subgroup, and study participants with aging-related diseases/disability, respectively. In the univariate analysis, longer survival was associated with a lower IL-6 concentration: HR = 1.077 per each pg/mL (95 % CI: 1.068--1.086, *p* \< 0.001) in the entire study group, HR = 1.163 per each pg/mL (95 % CI: 1.128--1.199, *p* \< 0.001) in the successfully aging subgroup, and HR = 1.063 per each pg/mL (95 % CI: 1.052--1.074, *p* \< 0.001) in individuals with aging-related diseases/disability. Longer survival was also associated with a lower CRP concentration: HR = 1.025 per each mg/L (95 % CI: 1.020--1.029, *p* \< 0.001) in the entire study group, HR = 1.074 per each mg/L (95 % CI: 1.047--1.100, *p* \< 0.001) in successfully aging study participants, and HR = 1.020 per each pg/mL (95 % CI: 1.015--1.025, *p* \< 0.001) in the remaining participants.

The results of the univariate analysis were consistent with the Kaplan-Meier survival curves, in which higher concentrations of IL-6 and CRP were associated with a lower probability of survival in the entire group of seniors, in successfully aging ones, as well as in individuals with aging-related diseases/disability (all *p* \< 0.001) (Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}).Fig. 1Kaplan-Meier survival curves for the elderly population that was classified according to quartiles of IL-6 concentrations. **a**. In the successfully aging subgroup, the 1-year mortality rates were 1.0 % for the \<1^st^ quartile, 0.6 % for the 1^st^-2^nd^ quartile, 4.1 % for the 2^nd^-3^rd^ quartile, and 6.8 % for the \>3^rd^ quartile. The differences between the \<1^st^ quartile and all of the other quartiles were significant (all *p* \< 0.001). **b**. In the subgroup of individuals who suffered from aging-related diseases/disability, the 1-year mortality rates were 2.9 % for the \<1^st^ quartile, 5.7 % for the 1^st^-2^nd^ quartile, 10.0 % for the 2^nd^-3^rd^ quartile, and 15.8 % for the \>3^rd^ quartile. The differences between the \<1^st^ quartile and all of the other quartiles were significant (all *p* \< 0.001)Fig. 2Kaplan-Meier survival curves for the elderly population that was classified according to CRP concentrations. **a**. In the successfully aging subgroup, the 1-year mortality rates were 1.6 % for ≤3 mg/L, 2.8 % for 3.1--10 mg/L, and 8.8 % for \>10 mg/L. The differences between ≤3 mg/L and the other concentration ranges were significant (all *p* \< 0.001). **b**. In the subgroup of individuals who suffered from aging-related diseases/disability, the 1-year mortality rates were 6.3 % for ≤3 mg/L, 10.3 % for 3.1--10 mg/L, and 19.2 % for \>10 mg/L. The differences between ≤3 mg/L and other concentration ranges were significant (all *p* \< 0.001)

A statistical model was applied that included IL-6 value, gender, age, BMI, HDL, LDL, eGFR and smoking status. We found that longer survival was associated with a lower IL-6 concentration, even after adjusting for these covariates, in the entire study group: HR = 1.042 per each pg/mL (95 % CI: 1.029--1.055, *p* \< 0.001), the successfully aging subgroup: HR = 1.112 per each pg/mL (95 % CI: 1.069--1.155, *p* \< 0.001), as well as in study participants with aging-related diseases/disability: HR = 1.031 per each pg/mL (95 % CI: 1.018--1.045, *p* \< 0.001).

We also tested a model that included CRP value, gender, age, BMI, HDL, eGFR and smoking status, and found that longer survival was associated with a lower CRP concentration after adjusting for these factors in the entire group of seniors: HR = 1.017 per each mg/L (95 % CI: 1.012--1.023, *p* \< 0.001), in the successfully aging subgroup: HR = 1.035 per each mg/L (95 % CI: 1.021--1.050, *p* \< 0.001), and in the remaining study participants with aging-related diseases/disability: HR = 1.013 per each pg/mL (95 % CI: 1.007--1.019, *p* \< 0.001).

Discussion {#Sec11}
==========

It is well documented that chronic inflammation is associated with aging-related morbidity \[[@CR13]--[@CR22]\], and with mortality in affected individuals \[[@CR15], [@CR17], [@CR23]--[@CR25]\]. Therefore, the present study evaluated a large group of Eastern European Caucasian seniors to determine whether results of a single measurement of the levels of two proinflammatory factors, IL-6 and CRP, were associated with biochemical and functional parameters and whether they were predictors of mortality. We performed this analysis for the entire study group of ≥65 year-old seniors who were not preselected on the basis of their health and functional status, as well as for subgroups of successfully aging individuals and individuals with aging-related chronic diseases/disability.

There is no single generally agreed upon definition of successful aging. It is usually defined as survival to an older age while being free of aging-associated diseases, such as cardiovascular disease, cancer, neurodegeneration, and type 2 diabetes, with good physical and cognitive functioning \[[@CR35]\]. This "biological" definition is sometimes augmented by a requirement to have good social functioning and high life satisfaction \[[@CR35]\]. However, for the purpose of this study, in which we analyzed biological factors associated with aging, we used the most common definition that is limited to the biology of aging. An additional reason for such limitation was that social functioning and life satisfaction might be significantly influenced by non-biological factors such as income, family situation, or place of residence. We found that IL-6 and CRP levels were good predictors of physical and cognitive performance and mortality not only in the entire aging study group and in individuals with aging-related diseases/disability, but also in individuals who were aging successfully.

IL-6 is known to induce the production of CRP in the liver \[[@CR36]\]. Therefore, as expected, the levels of IL-6 and CRP were correlated in the elderly subjects in this study. However, aging-related changes in CRP did not accurately reflect changes in IL-6. Impaired liver function, which could be expected mainly in the subgroup of individuals who did not age successfully, might affect CRP production. We tested this hypothesis by correlating aspartate transaminase (AST) and alanine transaminase (ALT) levels with the CRP level and found that some negative correlations were significant, but all of the correlation coefficients were extremely low (data not shown). Therefore, we conclude that liver function had no significant influence on CRP production in our study group. Another plausible explanation for the lack of complete correspondence between IL-6 and CRP concentrations is that CRP production is affected by other cytokines, such as IL-1 and IL-17 \[[@CR36]\], which were not measured in the present study.

Notably, although statistically significant, the differences between mean IL-6 and CRP concentrations in the successfully aging participants and remaining study participants who suffered form from aging-related diseases/disability were only approximately 20 % (2 pg/mL *vs*. 2.5 pg/mL and 2.1 mg/L *vs*. 2.5 mg/L, respectively). Therefore, the question arises as to the reason why, despite such a small differences, some individuals experienced healthy aging, while others suffered from aging-related diseases. The most likely explanation for this phenomenon is that the phenotype of aging results not only from the amount of the examined proinflammatory factors, but also from a balance between numerous proinflammatory and antiinflammatory agents (inflammaging *vs*. anti-inflammaging) \[[@CR37], [@CR38]\]. Moreover, the effect of such a balance might be modified by other conditions, such as diet, body fat content, level of physical activity, smoking, and other disease risk factors, including genetic background \[[@CR39]--[@CR42]\].

Another important finding of this study was that the lowest IL-6 levels were found in normal-weight and overweight individuals, and the lowest CRP levels were found in normal-weight individuals. Such a U-shaped relationship between BMI and proinflammatory factors supports the theory of the "obesity paradox" stating that in the elderly, lower morbidity and mortality are associated with a normal body weight or being overweight \[[@CR43]--[@CR46]\], whereas being underweight or obese (especially morbidly obese) poses a high risk of mortality. Based on the present results, we speculate that this phenomenon might be, at least partially, attributable to an increase in systemic inflammation in extreme weight groups. Notably, in our study participants, a BMI \<18.5 kg/m^2^ was associated with the highest IL-6 level and, to a lesser extent, an increase in CRP level. Data that were obtained from the revised Mini Nutritional Assessment Short Form and serum biochemical parameters indicated that these individuals were undernourished and vitamin D-deficient (even though, some of them were still able to meet our phenotypic criteria for successful aging). The available data suggest that poor nutritional status and vitamin D deficiency might be associated with increased levels of proinflammatory factors, such as TNF-α, IL-6, and CRP \[[@CR47]--[@CR49]\]. Therefore, in our underweight elderly patients, high levels of IL-6 and CRP might result from a cumulative action of immunoaging and undernutrition/malnutrition.

We also found that the IL-6 concentration was negatively associated with concentrations of total cholesterol and its high- and low-density fractions in the entire studied population and in its subgroups, while CRP was negatively associated only with HDL. Such findings indicate that low cholesterol levels in the elderly might have adverse effects, such as the increased level of IL-6 that we detected in the present study. Our results are partially consistent with previous studies that reported the existence of similar correlations in oldest-old group of ≥85 year-old individuals \[[@CR50], [@CR51]\]. However, we found that such relationships were also true for seniors who were ≥65 years old. Longitudinal studies indicate that aging might be associated with a decrease in total cholesterol and LDL levels and an increase in HDL levels, which is mostly a result of decreasing weight \[[@CR52]\]. On the other hand, increased levels of proinflammatory factors are attributable to a higher body weight \[[@CR53], [@CR54]\]. Therefore, an inverse relationship between lipids and proinflammatory factors in seniors might be unrelated to total adipose tissue content but may be related to the abdominal localization of adipose tissue \[[@CR55], [@CR56]\]. Alternatively, adipose tissue might not be a key factor in the interplay between lipids and inflammation in older age groups.

Consistent with previous findings \[[@CR23], [@CR57]\], we found that higher IL-6 and CRP levels were associated with poorer cognitive and/or functional performance, as well as with a higher risk of mortality. This could be explained by the fact that aging-associated chronic inflammation is one of the major causes of aging-related diseases, that might negatively affect the aging phenotype and shorten one's lifespan \[[@CR13]--[@CR22]\]. However, we found that higher levels of IL-6 and CRP posed an even higher risk of all-cause mortality in physically and cognitively healthy, successfully aging individuals who did not suffer from major aging-related diseases, reflected by 1-year mortality rates (see Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"} legends), and confirmed by 3-year mortality rates (IL-6: 2.9 % for \<1^st^ quartile, 6.9 % for 1^st^-2^nd^ quartile, 14.0 % for 2^nd^-3^rd^ quartile and 25.3 % for \>3^rd^ quartile of IL-6 concentration; because there is no established "normal" IL-6 concentration range, we divided the study subjects into IL-6 concentration quartiles; CRP: 7.3 % for ≤3 mg/L, 13.2 % for 3.1-10 mg/L, and 27.2 % for \>10 mg/L). Although these deaths could be partially attributed to newly diagnosed aging-associated diseases \[[@CR21]\], we speculate that in the individuals who met our criteria of successful aging, elevated levels of proinflammatory factors may serve as an indicator of the increased risk of death or may actually be associated with such risk through the activation of as-yet unidentified pathological mechanisms other than those that lead to cardiovascular disease, diabetes, cancer, or neurodegeneration.

Finally, we found that low-dose acetylsalicylic acid, which is very commonly administered in the elderly population for prevention of cardiovascular events, did not affect IL-6 or CRP levels, which was consistent with recently published results regarding 35 to 75-year-old participants of the Swiss CoLaus Study \[[@CR58]\]. This previous study and our present results suggest that the well-studied cardioprotective action of low-dose acetylsalicylic acid may not be attributable to the lowering of IL-6 or CRP levels but rather other mechanisms, such as the modification of other cytokine concentrations.

The strengths of this study reside in the large size of the study group, the mode of recruitment (from urban and rural municipalities), the equally-sized 5-year age cohorts, the equal representation of both sexes, and detailed baseline clinical and biochemical data that allowed us to identify the group of successfully aging individuals based on various parameters \[[@CR30]\]. On the other hand, one limitation of the present study was that not all of the study participants had their blood drawn. However, those who did not provide blood were not preselected on the basis of any condition, and we believe that the chance of bias for this reason is relatively low. Another limitation is that the lack of data regarding morbidity after the baseline interview prevented us from determining whether or not and to what extent new cases of aging-related diseases might explain associations between IL-6 and CRP levels and mortality in successfully aging individuals.

Conclusions {#Sec12}
===========

In the present study, IL-6 and CRP levels in the elderly systematically increased in an age-dependent manner in the entire study group, the successfully aging subgroup, and in individuals who suffered from aging-related diseases/disability. Higher IL-6 and CRP levels were associated with poorer cognitive and/or functional performance, and a higher risk of mortality also in successfully aging individuals. Our data support the notion that a single measurement of IL-6 and/or CRP concentrations in elderly individuals is a good predictor of physical and cognitive performance and mortality in the entire elderly population, including successfully aging individuals.
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